Watershed management is an emerging concept for the efficient use of rain run-off in the rural areas of India. The approach to watershed management is participatory in nature, people friendly, location specific, processed based and geared to cater to the problems and needs of the rural communities. Operation of watershed management is ideal where the rainfall pattern is very short, uneven and there is no support of major and minor irrigation systems to enhance agricultural production. The principle of watershed management is the proper management of all the precipitation by way of collection, storage and efficient utilisation of run-off water and use of groundwater. The re-harvesting of run-off in the study area of watershed management is achieved by managing 25% of the total rainfall and 25% of the run-off to generate crop-growing area, through four re-harvesting mechanism such as tanks, farm ponds, contour bunds and structures such as gully plugs and surface detention in depression. Participatory watershed management adopted in study area promoted agriculture and allied operation and socio-economic development by achieving overall development of the villages.
Introduction
The subject of water interests everyone. Water meets human needs in a number of ways. In India the bulk of the water, tapped from rivers, groundwater, natural lakes and springs, is utilised for irrigation purposes. Nearly nine-tenth of the water consumed in the nation is for production of crops. India is endowed with 4% of the total average run-off in the rivers of the world. However, the per capita availability of natural run-off in India is only 2,500 cubic metres annually. This is very low when compared with corresponding figures from other countries where the per capita availability of natural run-off in the former USSR was 17,500 cubic metres, in Japan 6,500 cubic metres and the USA 6,200 cubic metres (Gupta and Gurjar, 1993) .
Water resources in India are limited, major resources being precipitated in the form of rainfall or snowfall apart from groundwater. Run-offs from precipitation drain through streams or rivers and also collect in surface depression forming tanks or ponds. Run-off water from streams and rivers is utilised for major irrigation works by constructing dams and/or stored in tanks or ponds, which are used for minor irrigation purposes. Out of the estimated 370 million hectare metres of annual precipitation, about 170 million hectare metres are available as run-off through streams and rivers. A further utilisable water resource is only about one-third, due to the limitation imposed by the topography of the land and flow characteristics of streams and rivers.
India has made rapid progress in the development of irrigation potential and has achieved self-sufficiency in agricultural production through the Green Revolution. Apart from the major, medium and minor irrigation facilities created for agricultural production, it is also supported by watershed development on small scale. This enables utilisation of rain run-off water efficiently and effectively for agricultural production.
Watershed approach
Watershed management is an emerging concept for the efficient use of rain run-off water in rural India. It is used to define the boundaries of a hydrologically independent area. The concept of watershed is people friendly, location specific and process based, and is geared to cater to the problems and needs of the rural communities. The operation of watershed is ideal where rainfall pattern is very short, uneven and there is no support of major and minor irrigation systems to enhance agricultural production. The principle of watershed is the proper management of all the precipitation by way of collection, storage and efficient utilisation of run-off water and the use of groundwater (Gil, 1989) . This study attempts to describe the role of watershed in the efficient use of run-off water and its impact on the integrated development of the rural areas in India.
Watershed initiates a participatory process for the optimum utilisation of water resources in a given area. It promotes skill management, regulation, control and conservation of water to facilitate maximum agriculture and allied operations in watershed areas (Shah, 2001 ). This study attempts to describe participatory watershed management and its role in the efficient use of rain run-off in order to achieve overall development of villages. The objectives of the study are given below:
• to understand participatory process adopted in watershed management
• to describe watershed -a model for the efficient use of rain run-off water
• impact of watershed on agricultural production and the socio-economic condition of the village.
Location and profile of the study area
The Managanahalli-Bettaduru 1 watershed was selected for the study. It lies between 12°19'50" and 12°22' north latitude and 76°29' and 76°31'50" east longitudes. It is located 20 km from Mysore city in Karnataka State and covers an area of about 866 hectares. The watershed falls in two taluks 2 namely Mysore and Hunsur with the major area in Hunsur taluk accounting for 98.3% of the watershed. It comprises the area of seven villages namely Chikkadanahalli, Doddakadanahalli, Managanahalli, Bettaduru and Ankanahalli in Hunsur taluk and a small area of Nagavala and Yelwala in Mysore taluk (see Figure 1 ). 
Rainfall analysis
The mean annual rainfall in the watershed is 750 mm (between April and November with 36 rainy days per annum) and it gets rainfall from the south-west monsoon and the retreating monsoon. Generally, 11 rains (exceeding 20 mm) contribute to surface run-off and soil erosion. Run-off is assumed to be around 25-30% of the run-off producing precipitation due to a larger area of the watershed falling in the slope group of 3-8% ( Table 1) . Rainfall data is the average data of seven years from 1990 to 1998. June, July and August rains are usually drizzling, low intensity soaking rains and are not considered above. During this period land is also covered under crops.
A study of the rainfall pattern further reveals that, on an average there are four droughts and the period of droughts varies from 10 to 15 days two to three times in a year and 16-28 days with once a year, during which crops suffer from severe moisture stress. The potential evapo-transpiration curve as well as the precipitation curve indicates a possible crop-growing period from mid-April to the third week of October, with a period of moisture stress between mid-May to July end. During this period the potential evapo-transpiration exceeds precipitation (see Figure 2) . Thus, water is the major natural constraint in increasing and stabilising agricultural production in this area. The watershed model adapted in this area provides for proper management of all the precipitation by way of collection, storage and efficient utilisation of run-off rainwater as also the use of groundwater. Various other features such as hydrology, soil, etc. are given in Table 2 . 
Approach to watershed model
The re-harvesting of surface run-off in watershed was calculated and the area brought under cultivation is given below (Rao, 2000) :
• the average rainfall in the watershed area is 750 mm
• the quantity of total precipitation contributing to run-off is 425 mm, it is estimated at the rate of 25% of total rainfall
• the quantity of surface run-off in order to generate Crop Growing Area (CGA) is 106 mm, it is estimated at the rate of 25% of total precipitation contributed towards run-off (106 mm = 4" = 1/3 feet)
• the potential CGA created is 710 acre feet for total watershed area of 2140 acres.
Participatory watershed management (PWM)
The unique feature of watershed is that it involves all the stakeholders into the process of planning, decision-making and management of watershed. It enables willing and active participation of the farming community along with the implementing agency (Sharma, 1998) . Further, it allows for transfer of technology on feedback basis. The major tasks of the PWM are to prepare land and water development plans, ensure participation of farming community effectively in water management strategies in order to increase agricultural production and improve the socio-economic condition of the farmers in the village. The steps followed under PWM are (Rao, 1994) .
Identification of area for watershed management
The identification of area for watershed management will be done by studying rainfall pattern, hydrology, topography and soil characteristics. Socio-economic developments and organisational development in the area will be considered for better implementation of watershed through participatory process.
Workout development plan with farming community
This is done by initiating participatory process at the village level. Initially, group meetings will be conducted at individual village, during which discussions will be carried out with key farmers on rainfall pattern, cropping pattern, agriculture and allied activities and general information about the village.
Village level meeting
This is an assembly of all the farming community in the village during which watershed plan will be executed and watershed resource map prepared. Further, data on village will be gathered and thoroughly discussed These data include population, land use, water resources, status of water tanks and flow of precipitation. During the discussion the idea of watershed is introduced among the gathering and management plan, investments and subsequent stages of watershed development will be discussed.
Multi-village level meeting
This is a gathering of representatives from all seven villages, which are going to be adopted under watershed management during which management plans for the entire watershed area is decided by consensus.
Re-harvesting mechanism and watershed model
The commendable achievement of this watershed model is creation of 710 acre feet of Crop Growing Area (CGA) through four different re-harvesting mechanisms namely, tanks, farm ponds, contour bunds and structures such as gully plugs and surface detention in depression. Two tanks were built with water spread of 52 and 26 acres and filled up twice a year. The potential CGA generated under the tank was 280 acre feet. Under farm pond mechanism, eight ponds were constructed along with two existing ponds and generated 18 acre feet of CGA. The best mechanism for efficient use of run-off is contour bunds, because it arrests soil erosion and conserves moisture. The CGA of 363 acre feet was generated under contour bunds at an average slope of 4%, water spread of 18". The bunds of triangular section 4.5 sq. ft, with a depth of 6", were constructed for an area of 723 acres, which is classified as red loamy soil. The structures such as gully pugs and check dams were constructed to generate 31 acre feet of CGA. This mechanism helps to bring down flatness and stabilise gully beds to reclaim the area for cultivation, and impounding of water helps to recharge ground water resources. Further, a substantial increase in the ground water table was observed. As a result, 20 new wells were suggested to be dug along with the existing seven wells for irrigation purposes and five for drinking water use. Apart from these various other activities performed under watershed was listed in Table 3 . Inter-bunding Treatment adopted were compartment and border bunds, zingg terraces, broad beds and furrows, strip cropping, contour farming Desilting 10 feet of desilting done in order to cover eight more acres under irrigation Diversion channel 7700 feet length to channelise water to farm pounds and tanks
Impact of watershed
The potential area under crop cultivation is 640 hectares (which accounts for 74% of the total area of watershed), out of which 7 hectares are irrigated by wells and 42 hectares by tank and farm ponds. The area covered under grassland is 50 hectares for supporting animal husbandry activities. As a result, livestock population has increased substantially, with the present livestock density to total grassland being seven per acre. Further, there is lot of scope to undertake various other activities in order to enrich resource availability such as aqua culture, horticulture, sericulture, agro-forestry on small-scale methodology.
Watershed also improved socio-economic condition of the communities. Nearly 79% of the people are cultivators, just 14% belong to agricultural labourers and 4% belong to landless labourers. Infrastructure facilities such as schools, cooperative societies AND primary health centres were initiated in the watershed area (Table 4) . 
Discussion and conclusion
Prior to watershed, the entire area was under kharif 3 cropping which conducted from May to September. Further, this area witnessed four severe droughts, during which crops suffered from moisture stress. In such a situation, planning of rabi crop was not possible because the Potential Evapo-Transpiration (PET) and precipitation curve indicate that even during kharif crop-growing period (June-August) with a period of moisture stress, during which PET exceeds precipitation. Adoption of watershed provided effective re-harvesting of rain run-off in order to maximise agricultural production. It provided for effective water management plan with approved practices and design. In this regard, quantity and costs of soil and water conservation measures with specific location were estimated. It contributed to a significant change in land use by covering more area under cultivation. The adoption of dry farming technology has shifted cropping patterns to hybrid and commercial varieties. Promotion of animal husbandry activities resulted in providing subsidiary occupation for communities.
The participatory approach in watershed management has some limitations, with the majority of the farming community not thinking beyond the limits ofvillage jurisdiction. This, to some extent, hinders the cooperative and collaborative process across the villages. The financial resources are limited in order to bring in more allied activities. However, investments in water resource development can be justified only when they contribute to greater efficiency in production. In conclusion watershed is a concept of integrated approach for rural development. It also provides for efficient use of scarce water resources, in order to act as life security for rural communities so that an overall development of an area is achieved.
